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TITLE OF THE INVENTION 

MODIFIED NEUROPEPTIDE Y RECEPTORS 

BACKGROUND OF THE INVENTION 
5 This application is a continuation-in-part of U.S. Serial No. 

08/335,017, filed November 7, 1994, the contents of which are hereby 
incorporated by reference. 

Neuropeptide Y (NPY) is a 36 residue, amidated peptide. 
It is anatomically co-distributed and co-released with norepinephrine in 

10 and from sympathetic postganglionic neurons ([1], [2], [3], [4], [5], [6]). 
Stimulation of the sympathetic nervous system under physiological 
circumstances such as exercise ([7], [8]) or exposure to the cold ([9], 
[10]) promotes an elevation of both norepinephrine and NPY. 

NPY is believed to act in the regulation of appetite control 

15 ([ 1 1 ] , [ 1 2]) and vascular smooth muscle tone ([ 1 3] , [ 1 4]) as well as 

regulation of blood pressure ([6], [15], [16], [17]). NPY also decreases 
cardiac contractility ([18], [19], [20], [21], [22]). Congestive heart 
failure and cardiogenic shock are associated with probable releases of 
NPY into the blood ([23], [24], [25]). Regulation of NPY levels may be 

20 beneficial to these disease states [26]. 

At the cellular level, neuropeptide Y binds to a G-protein 
coupled receptor ([27], [28], [29], [30]). Neuropeptide Y is involved in 
regulating eating behavior and is an extremely potent orixigenic agent 
([11], [12], [31]). When administered intracerebroventricularly or 

25 injected into the hypothalamic paraventricular nucleus (PVN) it elicits 
eating in satiated rats ([32], [33], [34]) and intraventricular injection of 
antisera to NPY decreases eating ([11], [31]). It has been shown to 
stimulate appetite in a variety of species and at different stages of 
development ([12]). Other effects on energy metabolism include 

30 decreased thermogenesis, body temperature and uncoupling protein, and 
increased white fat storage and lipoprotein lipase activity ([9], [35], [36], 
[37], [38], [39]). NPY levels in the PVN increase upon fasting ([40], 
[41 ], [42], [43], [44]), before a scheduled meal ([31], §36], [40]), and in 
both streptozotocin-induced and spontaneous diabetes ([36], [45], [46], 

35 [47], [48], [49]). Also, NPY levels are increased in genetically obese 
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and hypeiphagicZucker rats (F361 f507 mi\ ti. 
cenhaHy acting antagonist J ^,3*^ 
■nay be therapeutically nsefiil for JIh u Mp,or subt >T e 

disorders which might tetolZT & *T» " d **«"• Ofter 
5 hypenension, cooaiS SEL'ff 

enhancement, cardiac and cereb* Zl ^ ^ ,ne,n0,7 

ganglioneuroma, and Huntogtotfs Abh^ ^ ^° Cyt ° ma " d 
diseases ([26], [52]). nunnn S ,ons . Alzheimer's and Parkinson's 

, A( least four receptor subtypes of the NPY fc m :i u 

10 been proposed ba^eri nn t,t,o_T . ■ family have 

appears to be the major vascajrece^r ( [ ,^ t^SAU 5 T ^ 
Y2 receptor is stimulated bv C i, mi L , J ' 1 '• l35 "- "* 

is abundantly expressed botn ^ 8DKntS ° f WY or PYY and 

'5 [58]). A Aim ^j5?£52£f (f55) ' [56] ' ™ 
likely present in admnal mL,,a h^ ^T - " *° ^ - d ' S 
addition, other subtypes of . f Sttm (t27 '' I 59 "- » 

based on #J^£J£?" T*" * m •» «ist, 

[62], [63]>. 5Kft£E£E22 ^t" 0 ^ 0 " ««* 

20 36 and me Yl agonist [L^TroM^ ^,^ ^ ^ 
Y2 agonist NPYn % ffl 11 r^TTrVi \Vj '* " 0t stln ""ated by the 
charade Zlt^l vt Y2 r Y^ "7°*° " n °* 
annbuted to a unique teceptor, ie^iypXr ain^n 

25 Son^ 

affinity for short Cerminal fiagj^ of S fauC 
■wotan when administer systemicaUy (flSUni R01 f671 i«,i 
30 ZZS^^"~™Z^^ 

homology ,o each ..her (7,). Recently, DNA encoding receptor 
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has been isolated using Yl DNA probes [72]. In addition, DNA 
encoding the Y2 receptor has been isolated by expression cloning ([73], 
[74]). The cDNAs encoding these receptors are at least 45% identical at 
the DNA level and 30% at the protein level. Other NPY receptors 
have not been cloned. 
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30 SUMMARY O F THE TNVFKmnM 

Modified neuropeptide Y receptors having deletions 
replacements or additions in the third intracellular domain are identified 
and methods of making the modified receptors are provided The 
invention includes the modified receptors, assays employing** 

lltffl ' H?H CeP T; CeUS CXPreSSing the m ° dified rece P tors ' compounds 
identified through the use of the modified receptors, including 

modulators of the receptors, and the use of the compounds to treat 

conditions including obesity, diabetes, anxiety, hypertension, cocaine 

withdrawal, congestive heart failure, memory enhancement, cardiac and 
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cerebral vasospasm, pheochromocytoma and ganglioneuroblastoma, and 
Huntington's, Alzheimer's and Parkinson's diseases. 

BRIEF DESflR TPTir>N| -r HF nR AWTNP? 
5 Figure 1 . Schematic diagram of G-protein signal transduction system. 
The receptor is shown as a seven-helical bundle, a, p\ and y indicate 
the three subunits of the G protein. E indicates an effector enzyme 
such as adenylyl cyclase. The agonist (A) binding with high affinity to 
the receptor-G protein complex and with low affinity to the receptor 
10 alone is shown. 

Figure 2. Schematic diagram of the hamster p2 adrenergic receptor. 
The third intracellular loop comprises residues 221-273. The proximal 
and distal segments of this loop are drawn in cylinders. 



15 



Figure 3 shows the amino acid sequence of the human NPY1 receptor 
subtype aligned with that of the hamster p2-adrenergic receptor. The 
transmembrane helices are underlined. 

20 DETAILED DESCRIPTION OF p ffi INVENTION 

Modified neuropeptide Y receptors having deletions 
replacements or additions in the third intracellular domain are identified 
and methods of making the modified receptors are provided. The 
invention includes the modified receptors, assays employing the 
modified receptors, cells expressing the modified receptors, compounds 
identified through the use of the modified receptors, including 
modulators of the receptors, and the use of the compounds to treat 
conditions, including obesity, diabetes, anxiety, hypertension, cocaine 
withdrawal, congestive heart failure, memory enhancement, cardiac and 
cerebral vasospasm, pheochromocytoma and ganglioneuroblastoma, and 
Huntington's, Alzheimer's and Parkinson's diseases. Modulators, as 
descnbed herein, include but are not limited to agonists, antagonists, 
suppressors and inducers. 
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known „« „„ N '7P e P nde , Y receptor belong to a class of receptors 

™^nlr C ° 0Pled rcCeP ' 0,S " 71,6 tera > "G-P^ein coupled 
receptor refeni to any receptor protein that mediates iu endoeenous 

nucleot.de brndmg regulator proteills(G Tta.iq.iw 
^re common stn.ch.ra. features, including seven hydmphoto 

SSt? J"*". ^""^ ^ ^ -ch.de receptors 
that tod to small biogenic amines, including but not limited to beta 

adrenergtc <PAR), alpha-adrenergt 

muscanmc receptors, as we., as receptors whose elgenoul lig^l are 

E^TtA^Trt neU ' Wi<te Y - recepTot 
recess ' be ' a - 2 ' and befa - 3 «*■»* 

m ,Hi« «. G " pro,ein cou P led receptors are cell surface proteins that 
rneAate the responses of a cel. ,0 a variety of environment 

sJSfic o r *," ^ K St * *" ^ ««• « « "ore 
S nrnt d"^! * ' Um «" activities of specific 

effector pmtems. By this means, activation of G-pmtein counted 

S** 8 - - -iromnenu 1 ; signa. 2 «ates a 

T!^ "T* ,ha ' ""^ lMds t0 «»ular 
responses, G-ptotem coupled receptore Junction as a complex 

£~ P ~ 8 «~ * ««* *e plasma membtTof the 

sTgt" " Ce "' S reSP ° nSe '° muhi P'» environmental 

G-protein coupled receptors are characterized by the abilitv 
ofagomsts .0 promote me formation of a high affinity ternar^ comp tex 
be^-een fte agomst, the receptor and the G-pmtein (Figure 7) ThTa 
subum, of tire G protein conuins a guanine nudeotide btaLg s ™ 
wtoch, . the high affinity remary [G protein-receptor-agotst, 
complex, is occupied by GDP. I„ the presence rf JLJL^ 
^■rations of OTP, me GDP molecule in the guanine nucteltide 
bmdmg site of the G protein is displaced by a GTP molecule The 

Ysnbumts and from the receptor, thereby activating the G-protein to 
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stimulate downstream effectors (adenylyl cyclase in the case of the 0- 
adrenergic receptor (PAR)) and propagating the intracellular signal. 
Thus, the ternary complex is transient in the presence of physiological 
concentrations of GTP. Because the affinity of the agonist for the 
receptor-G protein complex is higher than its affinity for the 
uncomplexed receptor, one consequence of the destabilization of the 
ternary complex is a reduction in the affinity of the receptor for the 
agonist. Thus, the affinity of agonists for G-protein coupled receptors 
is a function of the efficiency with which the receptor is coupled to the 
G-protein. In contrast, antagonists bind with the same affinity to the 
receptor in the presence or absence of G-protein coupling. 

The observation that agonist affinity can be reduced by 
conditions under which a receptor is not optimally coupled to its G- 
protein has important implications for the identification of agonists of 
G-protein coupled receptors, particularly identification based on Iigand 
binding. If a receptor is not optimally coupled to the G-protein under 
the conditions of binding assays, an agonist will bind to the receptor 
with relatively low affinity. Thus, a screen that relies on a binding 
assay based on displacement of a radiolabeled ligand, although attractive 
for its ease and the potential for high throughput, poses the risk that a 
promising partial agonist might be overlooked because the agonist 
would bind predominantly to the low affinity state of the receptor, and 
thus would have low affinity in the binding assay. Consequently, 
functional assays are frequently used to screen for agonists of G-protein 
coupled receptors. However, functional assays (ranging from ex vivo 
muscle contraction assays to determination of second messenger levels 
in cells expressing exogenous cloned G-protein coupled receptors) are 
tedious and more time-consuming than ligand binding assays, and hence 
are not readily adapted to high-throughput screens. Because the 
modified receptors of the present invention bind agonists with high 
affinity in the presence or absence of the G-protein, they can be used in 
high throughput radioligand binding assays to screen for high affinity 
ligands, regardless of whether the ligands are agonists or antagonists. 
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dn mainc G * Pf0tein C ° Upled receptors consist <* seven hydrophobic 

.bough, * be oriented in the « £ the 

N-remnnus of the receptor face, the extraceilular space andfec 

hydrophobic domatns crosses the plasma membrane. The receotors 
10 have been mended and th. putati ve boundaries of me exS™ 
transmembrane and intracellular domains are generally aS , for' , 
«v.ew, see Baldwin. EMBO J. 12:1693, .993) St 
transmembrane domains are comprised of stre ches SmSj^L, 

whereas the intracellular and extracellular loops are JEE* 
connguous stretches of several amino acids that have hydrophmc or 
polar side chauu (includina asDai«»i,. at..,™.. n J™f°l»mc or 
20 serine, threonine. M^JSTltES 7^ S^""^ 

hydrophobic residues, m the transmembrane domain Thus the 
number of conttguous hydrophilic or hydrophobic amino acids in the 
enXofThv? to •"*» ,0 "* <~ onl 
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mutations in the receptors of the present invention are described on the 
basis of these models and can be specifically defined by the specific 
amino acid numbers of the residues being mutated. 

By these criteria, the third intracellular loop is defined as 
the hydrophilic loop connecting the hydrophobic, putative 
transmembrane domains V and VI. For example, in hamster 02 
adrenergic receptor, the third intracellular loop would refer to amino 
acids 221 through 273. In accordance with the principles described 
above, the beginning of this loop is defined by the presence of Arg 2 21 

rcsidue at end of the hydrophobic stretch of residues 
198-220) and Lys273 (a charged residue at the beginning of the 
hydrophobic stretch of residues 274-298). Li the human NPY1 receptor 
(PCT International Application Publication Nos. WO93/09227 published 
13 May 1993 and W093/245 15 published 9 December 1993 the 
contents of both of which are hereby incorporated by reference), the 
third intracellular loop refers to amino acids #233-260 (Figure 3) In 
accordance with the principles described above, the beginning of this 
loop , s defined by the presence of Lys233 (a charged residue at the end 
of the long stretch of hydrophobic residues comprising helix 5) and 
Arg260 (a charged residue at the beginning of the long stretch of 
hydrophobic residues comprising helix 6). In the rat NPY1 receptor, 
the third intracellular loop refers to amino acids #232-259 (Eva C et 
aU FEBS Lett. 271:81,1990). In accordance with the principles " 
described above, the oeginning of this loop is defined by the presence of 
Lys232 (a charged residue at the end of the long stretch of hydrophobic 
residues comprising helix 5) and Arg259 (a charged residue at the 
beginning of the long stretch of hydrophobic residues comprising helix 
6). In the human and rat NPY2 receptors, the third intracellular loop 
refers to amino acids #241-268 (Gerald, C, etai, PCT International 
Application Publication No. W095/21245, the contents of which are 
hereby incorporated by reference). In accordance with the principles 
described above, the beginning of this loop is defined by the presence of 
Arg241 (a charged residue at the end of the long stretch of hydrophobic 
residues comprising helix 5) and Lys268 (a charged residue at the 
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beginning of the long stretch of hydrophobic residues comprising helix 

ZT:Ti:t a ^ ? "» * P™ Scribed 

above, the beginning of this loop is defined by the presence of An.216 

a charged residue a, the end of the long stretch of hylXb c^SdL 

compnsmg hehx 5) and Gln263 (a polar residue a, tie bStrfte 

2«VmT^ ""raeeUular loop refers to amino acids #236- 

WoSof m'a"'-' '7 b " enati0Iai Publication No 

WOW/17906) In accordance with the principles described above the 
begunnng of mis ,oop is defined by the presence of Arg236 achled 
residue a, the end of the long stretch of hydrophobic reSl 8 

the long stretch of hydrophobic residues comprising helix 6) 

The present mvention pertains to modified neuropeptide 

toZnT h"™ 8 de ' e,i0n5 - re P h ~»r additions in ZunM 
uttracellular domain. Methods of designing and making modifiT 
receptors are provided. The modified receptors are uncouptdtam 
or are pooriy coupled to their respective neuropeptides. HoweveT 

ll ^ rcCeP ' 0re bind a8 ° nte aktiry " fte 

absence of G protem coupling. Beeause of their high imrinsic 
affimty for agomsts, these modified receptors may be used in high 

Sf"? ^ '° """Pounds ma, bind to ftf 

receptor witi, tagh affinity, regardless of whether these compounds 
are agomsts or antagonist. The invention includes the DMA 
encoding the modified receptors, the modified receptors, assays 
employmg the modified receptors, cells expressing^ modS 
«cep ors, substoces .dentified through the use of the modified 
receptor mcludmg specific modulator, of the modified receptors 
and the use of these substances in treating diseases, including obSty 

identified m this process are useful as therapeutic agents. 
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Modulators, as described herein, include but are not limited to 
agonists, antagonists, suppressors and inducers. 

Modified receptors may include genetic variants, both 
natural and induced. Induced modified receptors may be derived by a 
5 variety of methods, including but not limited to, site-directed 

mutagenesis. Techniques for nucleic acid and protein manipulation are 
well-known in the art and are described generally in Methods in 
Enzymology and in Sambrook et al., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory (1989). 

10 It is known that there is a substantial amount of 

redundancy in the various codons which code for specific amino 
acids. Therefore, this invention is also directed to those DNA 
sequences which contain alternative codons which code for the 
eventual translation of the identical amino acid. For purposes of this 

15 specification, a sequence bearing one or more replaced codons will 
be defined as a degenerate variation. Also included within the scope 
of this invention are mutations either in the DNA sequence or the 
translated protein which do not substantially alter the ultimate 
physical properties of the expressed protein. For example, 

20 substitution of valine for leucine, arginine for lysine, or asparagine 
for glutamine may not cause a change in functionality of the 
polypeptide. 

It is known that DNA sequences coding for a peptide 
may be altered so as to code for a peptide having properties that are 

25 different than those of the naturally-occurring peptide. Methods of 
altering the DNA sequences include, but are not limited to site 
directed mutagenesis. Examples of altered properties include but are 
not limited to changes in the affinity of an enzyme for a substrate or 
a receptor for a ligand. 

30 As used herein, a "functional derivative" of a modified 

receptor is a compound that possesses a biological activity (either 
functional or structural) that is substantially similar to the biological 
activity of the modified receptor. The term "functional derivative" 
is intended to include the "fragments," "variants," "degenerate 
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molecules is not found to rSr^^r**" ° f °" e ° f "* 
sequences an, no. identic!] " " ' W ° "*» acid 

in tSsisxs. ixt substan,iauy 

15 to a fragment thereof ° nte modlfied re «ptor molecule or 

m nu s c-s; L^rj-r • *■ 

cells or in ej£Z£ to fn^" te preSeM in wh °" 

combination of techniques. cms or oy a 

« ^ ^ ^ natUral ° r Synthetic nucIeic acids encode the 
modified G-coupled protein receptors of the present invention may be 
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incorporated into expression vectors. Usually the expression vectors 
incoiporating the modified receptors will be suitable for replication in s 
host. Examples of acceptable hosts include, but are not limited to, 
prokaryotic and eukaryotic cells. 

The phrase "recombinant expression system" as used 
herein means a substantially homogenous culture of suitable host 
organisms that stably carry a recombinant expression vector. Examples 
of suitable hosts include, but are not limited to, bacteria, yeast, fungi, 
insect cells, plant cells and mammalian cells. Generally, cells of the 
expression system are the progeny of a single ancestral transformed 
cell. 

The cloned modified receptor DNA obtained through 
the methods described herein may be recombinantly expressed by 
molecular cloning into an expression vector containing a suitable 
promoter and other appropriate transcription regulatory elements, 
and transferred into prokaryotic or eukaryotic host cells to produce 
recombinant modified receptor. Techniques for such manipulations 
are fully described in Sambrook, J., et a/., supra, and are well known 
in the art. 

Expression vectors are defined herein as DNA sequences 
that are required for the transcription of cloned copies of genes and 
the translation of their mRNAs in an appropriate host. Such vectors 
can be used to express eukaryotic genes in a variety of hosts such as 
bacteria, bluegreen algae, plant cells, insect cells, fungal cells and 
animal cells. 

Specifically designed vectors allow the shuttling of DNA 
between hosts such as bacteria-yeast or bacteria-animal cells or 
bacteria-fungi or bacteria-invertebrate cells. An appropriately 
constructed expression vector should contain: an origin of replication 
for autonomous replication in host cells, selectable markers, a 
limited number of useful restriction enzyme sites, a potential for 
high copy number, and active promoters. A promoter is defined as a 
DNA sequence that directs RNA polymerase to bind to DNA and 
initiate RNA synthesis. A strong promoter is one which causes 
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(ATCC 37565), pCI-«o (P^f ^ "* 92035 

are not limited t« „rti i /k, receptor expression include, but 

available insect cell expression vectors which may be suitable for 
An expression vector containing DIM A * n ™Ai~~ 
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as Ksah, fungal cells such as yeast, mammalian cells including but 
not limited to cell lines of human, bovine, porcine, monkey and 
rodent origin, and insect cells including but not limited to Drosophila 
and silkworm derived cell lines. Cell lines derived from mammalian 
5 species which may be suitable and which are commercially available, 
include but are not limited to, L cells L-M(TK-) (ATCC CCL 1.3), 
L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji (ATCC 
CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 
(ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL 
10 92), NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I 
(ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC 
CCL 171). 

The expression vector may be introduced into host cells 
via any one of a number of techniques including but not limited to 

15 transformation, transfection, lipofection, protoplast fusion, and 

electroporation. The expression vector-containing cells are clonally 
propagated and individually analyzed to determine whether they 
produce modified receptor protein. Identification of modified 
receptor expressing host cell clones may be done by several means, 

20 including but not limited to immunological reactivity with anti- 
modified receptor antibodies. 

Expression of modified receptor DNA may also be 
performed using in vitro produced synthetic mRNA or native 
mRNA. Synthetic mRNA or mRNA isolated from modified receptor 

25 producing cells can be efficiently translated in various cell-free 
systems, including but not limited to wheat germ extracts and 
reticulocyte extracts, as well as efficiently translated in cell based 
systems, including but not limited to microinjection into frog 
oocytes, with microinjection into frog oocytes being preferred. 

30 The term "substantial homology", when referring to 

polypeptides, indicates that the polypeptide or protein in question 
exhibits at least about 30% homology with the naturally occurring 
protein in question, usually at least about 40% homology. 
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an ™ ^ modified receptors may be expressed in an 
appropnate host ^ ^ ^ fc P J ™ 

* ^ptors arefpttd in 

raaramanan cell line, including but not limited to, COS-7 GHO or L 

The expression of the modified receptor may be detected 

for the ^ SPeCifiCi ' y ° f bi " ding of """Pounds showing affinity 
for the modified receptors is shown by measuring the affinitv „fT 
compounds for cells tmnsfecred win, L cloned mol^elfor 

ZSfZZ *"* T re " S - E «> * «- «X 
Sir, , r g f °' eB ^-* *« inhibit me binding of 
mdtohtbeled hgand to these cells ptovides a mtional way fo"rap d 
selecnou of compounds with high affinity for the receptor iw 
compounds may be agonists or antagonisis of the reX B^cTse me 
modtfied receptor does not couple well to G pweins «J J^T 
acttvtty of these compounds is best assessed by usCme Xl 

ssr" na,ive,y — h *- °< « »:iXous, y 

modified receptor Is in a ^^^^^^ 
monies from the recombinant cells expressing me moduli 
"ceptor are then isolared according to methods kLwn LuTa* 

tsob^membmt.e.mayb.usedmavarievofn^mb^!^- 
^ptorlnndmg assays. Because me modified receptor hasXh 
affintty for agontsts, ligands (either agonists or antagonists) may! 
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identified by standard radioligand binding assays. These assays will 
measure the intrinsic affinity of the ligand for the receptor. 

The present invention provides methods of generating 
modified NPY receptors. Such methods generally comprise the deletion 
of at least one nucleotide from the third intracellular domain of the 
receptor. Additional methods include, but are not limited to, enzymatic 
or chemical removal of amino acids from the third intracellular domain 
of the receptor. One method of generating modified NPY receptors 
comprises: 

(a) isolating DNA encoding an NPY receptor, 

(b) altering the DNA of step (a) by deleting at least one 
nucleotide from DNA encoding the third intracellular domain of the 
NPY receptor or disrupting the amphipathic helix at the N- or C- 
terminus of the third intracellular domain by replacement with 
nucleotides or addition of nucleotides coding for non-helical protein 
sequence; 

(c) isolating the altered DNA; 

(d) expressing the altered DNA; and 

(e) recovering the modified NPY receptor. 

The third intracellular domain of a G-protein coupled receptor is 
located between the fifth and sixth hydrophobic transmembrane domains 
of the receptor. 

The present invention provides methods of identifying 
compounds that bind to modified NPY receptors. Methods of 
identifying compounds are exemplified by an assay, comprising: 

a) cloning a neuropeptide Y receptor; 

b) altering the DNA sequence encoding the third 
intracellular domain of the cloned receptor; 

c) splicing the altered receptor into an expression 
vector to produce a construct such that the altered receptor is operably 
linked to transcription and translation signals sufficient to induce 
expression of the receptor upon introduction of the construct into a 
prokaryotic or eukaryotic cell; 
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d) introducing the constmct into a prokarvotic or 

absence of the introduced construct; and 
< » a , e) "cubating cells or membranes isolated from cells 

~ m f P k "* * qUamif,able h — <° 3"! 

receptors and subsequently adding test compounds at a mage of 

ooncentrattons so as to compete the quantifiable compound from the 
receptor, such that an IC50 for the test compound is oLnedTfe 

10 ^T"? ^ ^ COmp ° U,,d which 30% of «* quantifiable 
10 impound becomes displaced from the receptor. 

screenin. """"J faVen,i0n " alS0 diKCted ,0 for 

^mng for confound* which modulate the expression of DNA or 

RNA encodmg mothfied receptors or which modulate the function of 
mothfied teceptor protein. Compounds which modulate these 

15 active may be DNA, RNA. peptides, proteins, or non 

proremaceous organic molecules. Compounds may modulate by 
mcreasmg or attenuating the expression of DNA or RNA encoding 
cl rt Pt ° r ' ° f "* t™*™ of modifie ° -ceptor prote in 

20 mZT n, ° dUlate *» eXpreSSion of DNA "RNA encoding 

tetf . re ? P '° r ° r * fUnCti ° n 0f raodiffcd re «P«" Prolan may 

£2E - " ? ° f ^ ^ ~* »» * a 'topic y 

o" Wti o rC m,,ne Whed,er ' here is ' chM « e ^ Won 
or function. The assay may be made quantitative by comparing the 

express™ or function of a test sample with the levels ofex^sTn 
25 or function in a standard sample. F"=»ion 

„wv«r a ^ con,ainin 8 mo °tfi«l receptor DNA, antibodies to 
modtfied receptor, or modified receptor protein may be prepared 

30 ^fl ? ° *** 11,6 presence of mo<, ^d receptor protein 

°T P " t fagmentS to S Samp,e - Such *■"*-»*» ,s usefuUor 
a vanety of purposes including but not limited to forensic 

taxonomic or epidemiological studies. 

™» • , li t V ^ K molecules - RNA molecules, recombinant 
protem and antibodies of the present invention may be used .0 screen 
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and measure levels of modified receptor DNA, modified receptor 
RNA or modified receptor protein. The recombinant proteins, DNA 
molecules, RNA molecules and antibodies lend themselves to the 
formulation of kits suitable for the detection and typing of modified 
5 receptor. Such a kit would comprise a compartmentalized carrier 
suitable to hold in close confinement at least one container. The 
carrier would further comprise reagents such as recombinant 
modified receptor protein or anti-modified receptor antibodies 
suitable for detecting modified receptor. The carrier may also 

1 0 contain a means for detection such as labeled antigen or enzyme 
substrates or the like. 

Pharmaceutically useful compositions comprising 
modulators of modified receptor activity, may be formulated 
according to known methods such as by the admixture of a 

15 pharmaceutically acceptable carrier. Examples of such carriers and 
methods of formulation may be found in Remington's 
Pharmaceutical Sciences. To form a pharmaceutically acceptable 
composition suitable for effective administration, such compositions 
will contain an effective amount of the protein, DNA, RNA, or 

20 modulator. 

Therapeutic or diagnostic compositions of the invention 
are administered to an individual in amounts sufficient to treat or 
diagnose disorders. The effective amount may vary according to a 
variety of factors such as the individual's condition, weight, sex and 
25 age. Other factors include the mode of administration. 

The pharmaceutical compositions may be provided to 
the individual by a variety of routes such as subcutaneous, topical, 
oral and intramuscular. 

The term "chemical derivative" describes a molecule 
30 that contains additional chemical moieties which are not normally a 
part of the base molecule. Such moieties may improve the solubility, 
half-life, absorption, etc. of the base molecule. Alternatively the 
moieties may attenuate undesirable side effects of the base molecule 
or decrease the toxicity of the base molecule. Examples of such 
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the active agents can be administered concurrently, or they each can 
be administered at separately staggered times. 

The dosage regimen utilizing the compounds of the 
present invention is selected in accordance with a variety of factors 
5 including type, species, age, weight, sex and medical condition of the 
patient; the severity of the condition to be treated; the route of 
administration; the renal and hepatic function of the patient; and the 
particular compound thereof employed. A physician or veterinarian 
of ordinary skill can readily determine and prescribe the effective 
10 amount of the drug required to prevent, counter or arrest the 
progress of the condition. Optimal precision in achieving 
concentrations of drug within the range that yields efficacy without 
toxicity requires a regimen based on the kinetics of the drug's 
availability to target sites. This involves a consideration of the 
15 distribution, equilibrium, and elimination of a drug. 

The modified G-protein coupled receptors of the present 
invention are exemplified herein by the neuropeptide Y receptors. 

Deletion mutagenesis of the p2-adrenergic receptor has 
shown that none of the hydrophobic clusters of amino acids (the putative 
20 transmembrane helices) could be deleted without substantial loss of 
binding. In contrast, most of the connecting loops could be deleted 
without affecting the ligand binding properties of the receptor. This 
indicates that these hydrophilic loops are not required for ligand 
binding to the receptor, suggesting that the ligand binding pocket is 
25 located predominantly within the transmembrane domain of the protein 
(Strader, et al. FASEB J .3,: 182-183 (1989)). Deletions in the 
connecting loops that were large enough to encompass the entire loop 
led to steric problems, resulting in incorrect processing of the protein 
(Dixon, et al. EMBO J. £: 3269-3275 (1987)). Certain connecting loop 
30 deletion mutations, however, led to loss of functional activation of 
adenylyl cyclase by the receptor. For example, deletion of the carboxy 
terminal region of the third intracellular loop attenuated the ability of 
the receptor to activate adenylyl cyclase, and deletion of the amino 
terminal portion of this loop abolished adenylyl cyclase activation 
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charged residues (ie., R249, D250, K252), or replacement of such 
residues with alanine or a helix-disrupting residue such as proline. 

Modified NPY2 receptors lacking between 6 and 12 amino 
acids in the N terminal portion of the third intracellular loop 
5 (connecting transmembrane helices 5 and 6) may be synthesized. The 
bottom of transmembrane helix 5 is defined by the presence of a 
charged amino acid (Arg241 in rat and human) at the end of a series of 
hydrophobic amino acids. The modified receptors include the deletion 
of 6-12 residues following Arg241 (i.e., I^WSKLKNHVSPG; Seq. 
10 I.D. No. 5). Alternatively, this sequence could be disrupted by deletion 
of one or more of the charged residues (ie., K244, K246 or H248), or 
replacement of such residues with alanine or a helix-disrupting residue 
such as proline. 

A second group of modified NPY2 receptors encompass the 
15 deletion of 6-1 3 residues at the C terminal end of the third intracellular 
loop of the receptor. The C terminus of this loop is defined by the 
bottom of helix 6, defined by the presence of the charged residue 
(Lys268 in human and rat) preceding a stretch of hydrophobic amino 
acids. The modified receptors of this group have deletions of 6-1 3 
20 residues preceding Lys268 in human NPY2 (i.e., 

ANDHYHQRRQKTT267; Seq . I.D. No. 6) and proceeding Lys268 in rat 
NPY2 (i.e., AASDHYHQRRHKTT267; Seq . I.D. No. 7). Alternatively, 
this sequence could be disrupted by deletion of one or more of the 
charged residues (ie., D257, H258, H260, R262, R263, H264, K265), or 
25 replacement of such residues with alanine or a helix-disrupting residue 
such as proline. 

Modified NPY4 receptors lacking between 6 and 12 amino 
acids in the N terminal portion of the third intracellular loop 
(connecting transmembrane helices 5 and 6) may be synthesized. Hie 
30 bottom of transmembrane helix 5 is defined by the presence of a 

charged amino acid (Arg236 in rat and human) at the end of a series of 
hydrophobic amino acids. The modified receptors include the deletion 
of 6- 1 2 residues following Arg236 (i.e., I 237 YRRLQRQGRVF in 
human NPY4 (Seq. I.D. No. 8) and I237YQRLQRQRRAF in rat NPY4 
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EXAMPLE I 

Deletion of 6-13 amino acids at the N-terminal portion of the third 

5 intracellular loop of the human Neuropeptide Yl receptor 

Modified receptor is constructed by site-directed 
mutagenesis of the human neuropeptide Yl receptor cDNA by standard 
molecular biological techniques. 

The modified DNA sequence encodes a human neuropepide 

10 Yl receptor lacking between 6 and 13 amino acid residues at the N- 
terminal portion of the third intracellular loop. The nucleotide 
sequence of the modified receptor is confirmed by DNA sequencing. 
As with modified p2 receptors, the modified NPY receptor is designed 
so as to disrupt the proximal portion of the third intracellular loop, 

15 without affecting the adjacent fifth transmembrane helix. Thus, the 
charged amino acid that delineates the bottom of helix 5 (Lys233) is left 
intact in the modified receptor, while the six to thirteen amino acids 
which follow it are deleted. The size of the deletion in the present 
invention may vary from six to 13 amino acids in this region, beginning 

20 immediately after the charged residue at the bottom of transmembrane 
helix 5, for example D(234-241)NPY1 receptor. 

EXAMPLE 2 

25 Deletion of 6-13 amino acids at the C-terminal portion of the third 

intracellular loop of the human Neuropeptide Yl receptor 

Modified human NPY1 receptor, lacking 13 residues at the 
C-terminal portion of the third intracellular loop (D(247-259)NPY1 
receptor), is prepared by standard mutagenesis procedures. The 

30 nucleotide sequences of the modified receptors are confirmed by DNA 
sequencing. This modified human NPY1 receptor is designed so as to 
disrupt the distal portion of the third intracellular loop, without 
affecting the adjacent sixth transmembrane helix. Thus, the charged 
amino acid that defines the bottom of helix 6 (Lys260) is left intact, 
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wlule the nearby proximal residues are deleted tk • 
m the present invention may vary ^ ™? * ^ SUe of me ***<>n 
region, ending Wdiatelv beZ> * 1 3011,10 acids fa *« 

helix 6. tC,y ^ char ged residues at the bottom of 

EXAMPLE! 

eukaryotic expression vec^cDNA P Z'°r, n S " Ch * te 
Rested after incubation for aC ^h m'T^ Ce " S - 
the expressed receptor protein „»„ 7 Membrane s containing 

Mi of buffer A^^-'f »^ h » final volume of 250 
KC. 0.2% bovine Lum^Vo^T ^ "** ^ 5 mM 
bacijtacin and 2 pgAn, .eupepl? SYTl°2rL d0n ' 4 ° Ms/n " 
20 tncubated with membranes for 2 hr a, /wlf '- PYY (0J » 
filters presoaked in 0.1 % polvethX!. re filtra,ion 0VCT OFK 

ice cold buffer A before ^S^ST/^ WaS " ed 
scintillation counting. b ° Und ra <*°activity by y 

* a vector con^X^ f P* 7 ^ wim 
specifica.lv bind a 'n,^ e PtLu^ * v BOdafcd ^ °DNA 
™e modified receptor i s cnZST*! ^ 
Proteins, an inability to mediate toce of cou P ,in 8 '» G 

w ~. and an « — messenger 

— it. no, uSl^' *- "Pressed in 
the agonis, NPY. to conn^^ £ P™" 1 » response to 

™ the same eel, fine, activ^ ■ ^eT * «~ 
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These modified receptors have increased affinity for 
agonists when compared to the wild type receptor. The wild type NPY1 
receptor can be described pharmacologically by the relative potency of 
peptide hgands: neuropeptide Y= peptide YY > [Leu31Pro34]NPY > 
NPY[2-36]» NPY[13-36], with the affinity of NPY in the range of 0 1- 
10 nM, and NPY113-36] having an affinity in the uM range. The 
mutant receptor binds the agonists with the same relative order of 
potency. The high affinity of the agonist for the modified receptor is 
not affected by agents that uncouple the receptor from the G protein; 
such agents include the nonhydrolyzable GTP analog GppNHp, sodium 
fluoride, and the detergent digitonin. In contrast, the wild type receptor 
binds agonists with two affinity states: a high affinity state, indicative of 
binding to the receptor-G protein complex, and a low affinity state, 
reflecting binding to the uncoupled receptor alone. When the receptor 
15 is not optimally coupled to the G protein, a binding assay using the 

modified receptor will detect agonists with more sensitivity than will the 
identical binding assay using the wild-type receptor. 



10 



20 



25 



30 



EXAMPLE d 

Screening A^ay usinr modified N^rnp^ ^ Y 1 ^ p| T 

Transfected cells expressing recombinant modified receptor 
may be used to identify compounds that bind to the receptor with high 
affinity. This may be accomplished in a variety of ways, such as by 
incubating the test compound in a final volume of 0.25 ml of buffer A 
with membranes containing 5-7 pM of the modified neuropeptide Y 
receptor and 100 pM 125i. PYY or 125i_npy for 2 hour at 25°. The 
reaction is stopped by filtration over GF/C glass fiber filters presoaked 
in 0.1% polyethyleneimine, washing with 3 x 5 ml of cold buffer A, and 
counting the filters in a gamma counter to measure bound radioactivity 
This assay will detect a compound that has a high intrinsic affinity for 
the receptor. Such compounds may be either agonists or antagonists. 
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EXAMPLES 

Deletion of 6-13 amino acids at the N-terrninal portion of the third 
intracellular ln 0p n f NMir 0pe pridft V recentnr gnK t^o 
5 Modified NPY receptor subtypes (e.g., NPY2, NPY4) 

having deletions at the N terminal region of the third intracellular loop 
are constructed by site-directed mutagenesis of the neuropeptide Y 
receptor cDNA by standard molecular biological techniques, 
in . , ™ emodifiedDN A sequence encodes a neuropepideY 

10 receptor lacking between 6 and 13 amino acid residues at me N-terminal 
portion of the third intracellular loop. The nucleotide sequence ofT 
modified receptor is confirmed by DNA sequencing. The modified 

thfJ T Pt n ? f S ° 35 t0 dismpt the P roximal PO*°n of the 
third intracellular loop, without affecting the adjacent fifth 

15 transmembrane helix Thus, the charged amino acid that delineates the 

bottom of helix 5 is left intact in the modified receptor, while the six to 

thirteen ammo acids which follow it are deleted. The size of the deletion 

in the present invention may vary from six to 13 amino acids in this 

20 ZT"' g T" g fnaaB ^y the c harged residue at the bottom 
20 of transmembrane helix 5. 



25 



30 



EXAMP1,R6 



Deletion of 6-13 amino acids at the C-terminal portion of the third 
mtracellular loon nf rh* M m o nenH rf,» y r „, ntnr 

Modified NPY receptor subtypes (e.g., NPY2, NPY4) 
havmg deletions at the C terminal region of the third intracellular loop 
are constructed by site-directed mutagenesis of the neuropeptide Y 
receptor cDNA by standard molecular biological techniques. The 
nucleotide sequences of the modified receptors are confirmed by DNA 
sequencing. These modified NPY receptors have disruptions in the 
distal portion of the third intracellular loop, without affecting the 
adjacent sixth transmembrane helix. Thus, the polar amino acid that 
defines the bottom of helix 6 is left intact, while the nearby proximal 
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15 



residues are deleted. The size of the deletion in the present invention 
may vary from six to 13 amino acids in this region, ending immediately 
before the polar residues at the bottom of helix 6. 

BXAMFLR 7 

Expression and characterization n f modified NTPY Receptor 

The modified receptor is subcloned into an expression 
vector such as pRC/CMV (Invitrogen,San Diego, CA) and expressed in 
mammalian cells by transfection. Approximately 72 hours after 
transfection, cells are harvested for radioligand binding assays. 

For binding assays, the membranes are prepared by 
harvesting the cells in ice-cold lysis buffer (5 mg Tris, pH 7.4; 2 mM 
EDTA), followed by 15 min centrifugation at 38,000 x g. The 
membrane pellet is then resuspended in buffer A. Equilibrium binding 
to the wild type or modified NPY receptor is perfoimed in a final 
volume of 0.25 ml containing membranes, 100 pM 125I-PYY, and 
serial dilution of the competing ligands. Binding reactions are' 
incubated for 2 hr at 25°C, and terminated by rapid filtration over 
10 GF/C filters pre-soaked in 0. 1 % polyethyleneimine. The radioactivity 
is quantified with a Packard gamma counter. 

These modified receptors have increased affinity for 
agonists when compared to the wild type receptor. The wild type 
"atypical NPY1" or NPY4 receptor that mediates feeding behavior can 
15 be described pharmacologically by the high affinity of neuropeptide Y 
peptide YY, NPY[2-36], and [Leu31Pn>341NPY, and the lower affinity 
of more truncated analogs NPY[ 1 3-36] and NPY [20-36], and 
structurally by its sequence homology (>45% at the DNA level) to the 
NPY1 receptor. The affinity of NPY for the atypical Yl receptor 
0 subtype is in the range of 0.01-10 nM, and that for NPY[13-36] is in the 
0.1-10 nM range. The mutant receptor binds the agonists with the same 
relative order of potency as the wild type receptor. The high affinity of 
the agonist for the modified receptor is not affected by agents that 
uncouple the receptor from the G protein; such agents include the 
nonhydrolyzable GTP analog GppNHp, sodium fluoride, and the 
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detergentdigitonin. In contrast the «riM * 

with two affinity states- w! 9 « ! ^ receptor binds ^ 
receptor-G pnS^S^ T'- ° f ^ to * e 

to the uncoupled ^f™* • binding 

5 coupled to the G orotein a k reCeptor ,s not optimally 

-V using the wild-type receptor . O^r WY ^™ T """""S 
(NPY2, NPY3, and others) are»l™ *T !v P ' 0r subt >'P es 
thrive potencies Pharmacoiogicaliy by the 

'0 by their sequence suSity to tne MY " 

having deletions in the thirYhZcelL I ^ KCept0n 

Forney a, the corresponded"™^™ T ^ "*° ° f 
«an the .^ype ^T^T ( ^ 

agonists oLtaS'. * * ° f "I*"* are 

2o EXAMPtj. 8 

^SE S^ Rec epior cdna fat ° 

* cassette is -^-^^f^^ ™<*°<"»™™ 
vectors include but are not 1^7 ? °" VeCt0r; ex P ressi °» 
PET vectors <N ""«»* * 

construct into an E cnlihLfi. u Foll °«™g transfer of this 

30 ™Apo,y^ 

expression of modified raptor is ^tll^ 
appropriate lac substrate (IPTC) is a( uZ t * addl , tl0n ofaD 
expressed modified recent Z * ^ leve,s <* 

herein. P °' ^ detem ™* by the assays described 
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EXAMPLF.Q 

Cloning and Expression of Modified NPY Receptor cDNA into a 

5 Vector for Expression in Insect CeUq 

Baculovirus vectors derived from the genome of the 
AcNPV virus are designed to provide high level expression of cDNA in 
the Sf9 line of insect cells (ATCC CRL# 1711). Recombinant 
baculovirus expressing modified receptor cDNA is produced by the 

0 following standard methods (InVitrogen Maxbac Manual): the modified 
receptor cDNA constructs are ligated into the polyhedrin gene in a 
variety of baculovirus transfer vectors, including the pAC360 and the 
BlueBac vector (InVitrogen). Recombinant baculoviruses are generated 
by homologous recombination following co-transfection of the 

5 baculovirus transfer vector and linearized AcNPV genomic DNA [Kitts, 
P.A., Nuc. Acid. Res. 18, 5667 (1990)] into Sf9 cells. Recombinant 
pAC360 viruses are identified by the absence of inclusion bodies in 
infected cells and recombinant pBlueBac viruses are identified on the 
basis of p-galactosidase expression (Summers, M. D. and Smith, G. E., 

) Texas Agriculture Exp. Station Bulletin No. 1555). Following plaque 
purification, modified receptor expression is measured. 

Authentic modified receptor is found in association with the 
infected cells. Active modified receptor is extracted from infected cells 
by hypotonic or detergent lysis. 

> Alternatively, the modified receptor is expressed in the 
Drosophila Schneider 2 cell line by cotransfection of the Schneider 2 
cells with a vector containing the modified receptor DNA downstream 
and under control of an inducible metallothionin promoter, and a vector 
encoding the G418 resistant neomycin gene. Following growth in the 

> presence of G41 8, resistant cells are obtained and induced to express 
modified receptor by the addition of CuS04. Identification of 
modulators of the modified receptor is accomplished by assays using 
either whole cells or membrane preparations. 
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EXAMPLE Ifl 

cistron into expression ? m0dlfied ^P 10 ' cDNA 

extmcellular Z ^ * *» fatra « 1, » l " °' 

Hgaled to the modified L.™„ &nBLyex4 or the like are 

8. 543-545 (l«S£E£X ^ £ - 
(1989)]. For extracellular « etaL > JB ">l. Chem. 265, 4189-4192 
"Sated into ^"wht^ *~ is 

levels of expressed modified r^T , * SeCretion ™* 
described hereto. rcCeP '° r detemin « l "y the assays 



EXAMPI.fr 1 1 

anfic 




purified by a R vX b ofT' y T^" ^rece^tor may be 
antibody * « **S » 

adding me SZSZg^""* «— - by 
25 ge. support which is pre S ~" !» Affl « e| -'« (Biorad). , 
-h that the antibodies fornl "£^1" 
suppott. The antibodies are men aZZZl^* ^ gel tead 
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support. ^ antibofe « ZT ', T»" "* *• * el ■»« 
with the spacer anT^f* C ° UPled 10 « el ™ bonds 
with , M eftanoCin^cT ST EfT ^ " *"»** 
followed by 0.23 M glycine Ha <!iu^ ^ " WaShed **" water 
antibody or ex.nu.eou Ze" S ° " V 
phosphate buffered salT^H 7 ^ r" " theD «" na «>t»ted in 
solubiliztog agent^S membrane 
or eeu exttacts containing .SS'*™ 
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receptor subunits are slowly passed through the column. The column is 
then washed with phosphate-buffered saline (PBS) supplemented with 
detergents until the optical density (A 2 80) falls to background; then the 
protein is eluted with 0.23 M glycine-HCl (pH 2.6) supplemented with 
5 detergents. The purified modified receptor protein is then dialyzed 
against PBS. 

F.X AMPLE 12 

10 Cloning and Expression of Modified NPY Receptor in Mammalian 

cr\\ system — — : r 

A modified receptor is cloned into a mammalian expression 
vector. The mammalian expression vector is used to transform a 
mammalian cell line to produce a recombinant mammalian cell line. 
15 The recombinant mammalian cell line is cultivated under conditions that 
permit expression of the modified receptor. The recombinant 
mammalian cell line or membranes isolated from the recombinant 
mammalian cell line are used in assays to identify compounds that bind 
to the modified receptor. 



20 



EXAMPLE 13 



Screening Assay _ ta ... , 

Recombinant cells containing DNA encoding a modified 
25 NPY receptor, membranes derived from the recombinant cells, or 
recombinant modified receptor preparations derived from the cells or 
membranes may be used to identify compounds that modulate modified 
NPY receptor activity. Modulation of such activity may occur at the 
level of DNA, RNA, protein or combinations thereof. One method of 
30 identifying compounds that modulate modified NPY receptor, 
comprises: 

(a) mixing a test compound with a solution containing 
modified NPY receptor to form a mixture; 
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mixture; J* m0dified NPY ^eptor activity in the 

mixture to a ItdaT'™ 8 ^ ^ -tivity of the 
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EXAMPT F i a 

0 formulated * * 13 are 

methods. T^e cSZTT , C ° mpOS,t,ons accor ^g to standard 
either to.SS'^T^ composition, are used 
for the t^Znt^ZZT^ °< C °~- 

Conditions i^d^ZS^^ ^ * ^ ° f 

» Elation of ape"' ^S^„ - not, incited to obesity, 
hypertension, cocaine JE££ ™ "T' J"*** 
enhancement cardial Z f u i COngCStIVe heart ^ilure, memory 

diseases. ""nngton s, Alzheimer's and Parkinson's 

MgihfldsofTiiP^m 

neuropeptide Y, altered activi.Jo' f fTOm atered levels of 

neuropep'tide Y reo^r activity \ *"* ° f 
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cerebral vasospasm, pheochromocytoma and ganglioneuroblastoma, 
Huntington's Disease, Alzheimer's Disease, Parkinson's disease, and 
combinations thereof, are treated with a therapeutically effective 
amount of compounds or derivatives of compounds identified by the 
screening method or pharmaceutical compositions comprising the 
compounds or derivatives of compounds identified by the screening 
method. 

While the foregoing specification teaches the principles of 
the present invention, with examples provided for the purpose of 
illustration, it will be understood that the practice of the invention 
encompasses all of the usual variations, adaptions, or modifications, as 
come within the scope of the following claims and its equivalents. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(i) APPLICANT: STRADER, CATHERINE D 
CASCIERI, MARGARET a" 
MACNEIL, DOUGLAS J. 

(Hi) NUMBER OF SEQUENCES: 11 
(iv) CORRESPONDENCE ADDRESS- 

(D) STATE: NEW JERSEY 

(E) COUNTRY: US 

(F) ZIP: 07065-0900 

(V) COMPUTER READABLE FORM- 

A MEDIUM TYPE: Floppy disk 
(B) COMPUTER- IBM dc IT . 

. e '■ l - 0 ' Version #1.30 

(V1) C y RREN T APPLICATION DATA- 

A) APPLICATION NUMBER: US OS/IK 
B FILING DATE: 07-NW-S 9 ! " 
(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION : 
A NAME: APPOLLINA, MARY A 
B REGISTRATION NUMBER: 3^*0 8 7 
(O REFERENCE/DOCKET NUMBER*: T^Y PCT 

liX) T Sf°SS225 INF0 ^TION: 
r, TELEPHONE: (908) 594-34G2 
(B) TELEFAX: (908) S94-4720 

2) INFORMATION FOR SEQ ID NO:l: 
(i) SEQUENCE CHARACTERISTICS - 

b ^L 12 mia <> 

lB ' "PE: amino acid 
m fJ^EDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

He Tyr He Arg Leu Lys Arg Arg Asn Asn Met Met 
I 5 10 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Lys Met Arg Asp Asn Lys Tyr Arg Ser Ser Glu Thr Lys 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Met Asn Ser Thr Leu Phe Ser Gin Val Glu Asn His Ser Asp Phe Leu 
1 5 1° 15 

Val His Ser Asn Phe Ser Glu Lys Asn Ala Gin Leu Leu Ala Phe Glu 
20 25 30 

Asn Asp Asp Cys His Leu Pro Leu Ala Met He Phe Thr Leu Ala Leu 
35 40 45 

Ala Tyr Gly Ala Val lie lie Leu Gly Val Ser Gly Asn Leu Ala Leu 
50 55 60 

lie lie lie lie Leu Lys Gin Lys Glu Met Arg Asn Val Thr Asn lie 
65 7 ° 75 

Leu lie Val Asn Leu Ser Phe Ser Asp Leu Leu Val Ala He Met Cys 
85 90 

Leu Pro Leu Thr Phe Val Tyr Thr Leu Met Asp His Trp Val Phe Gly 
100 105 110 
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Olu Ala Met Cys Lys Leu Asn 



115 



Pro P he val Gin Cys Val Ser He 



125 



Thr 



~ J- U. Ph e S „ L . u L . u „. wu ^ 

140 



«. - *. ^ SJ ^ ^ Pto to ^ ju 

155 

«, n. «. v., „. ^ v>1 ^ iu ^ M> ^ r s ^ ^ 
- ». jj. „. t Tht isp ^ ph> Mn vm ^ 

190 

Asp Ala Tyr Lys Asp Lys Tyr Val r„ nv 

195 V ^ r £i C V S Phe Asp Gin Phe Pro Ser Asp 



160 

Pro Phe 
175 



Leu 



200 



205 



Ser His Arg Leu Ser Ty r Thr T 

210 ^ »J «r Leu Leu Leu Val Leu Gin Tyr Phe 

220 

a >~ ^ c. Phe iS ^ n . cy , ^ ^ iy _ iu ^ iis ^ 
- - *. a *. ^ M . t „ s#t oiu oiy te3 pte - 

255 

~ - *.» a « y G1 „ „ 01u Asp oiy ^ s> 

" t5 -' 270 



Leu Met Arg Asp Asn Lvs <tw *v o 

Lys Tyr Arg Ser Ser Glu Thr Lys Arg He 

He Met Leu Leu Ser He 



285 



Asn 



290 



Val Val Ala P he Ala Val Cys T rp 



300 



Leu Pro 



i-J - a. ta «. val Phe ^ Trp ^ M> ^ m ^ ^ 

Thr Cys Asn His Asn Leu Leu 



315 



320 



325 



Phe Leu Leu Cys His Leu Thr 



330 



Ala Met 
335 



«. - - a v. 1U ^ oiy ph> l>u ^ ^ ^ 



Phe Gin Arg Asp Leu Gin Phe 



350 



355 



Phe Phe Asn Phe Cys Asp Phe ^ 



365 



Ser 



*. - ? ., ^ «. ^ „. AU Met ser _ Het hi< ^ Mp 



380 



v.. S.r „. ^ s „ Ly> oln 4U s ^ ^ iu 



395 



Phe Lys Lys 
400 
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Asn Asn Asp Asp Asn Glu Lys He Xaa 



(2) INFORMATION FOR SEQ ID NO: 4: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Lys lie Arg Asp Ser Lys Tyr Arg Ser Ser Glu Thr Lys 
5 10 
( 2 ) INFORMATION FOR SEQ ID NO: 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

He Trp ser Lys Leu Lys Asn His Val Ser Pro Gly 
5 10 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 : 
Ala Asn Asp His Tyr His Gin Arg Arg Gin Lys Thr Thr 



10 
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(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS • 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 : 
Ala Ala Ser Asp His Tyr His ri„ » 

! s iyr His Gin Arg Arg His Lys Thr Thr 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

lie Tyr Arg Arg Leu Gin Arg Gin Gl y Arg Val Phe 

10 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS • 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TOPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9; 

He Tyr Gin Arg Leu Gin Ara n n * 

x v u ^in Arg Gin Arg Arg Ala Phe 

10 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

His Lys Gly Thr Tyr Ser Leu Arg Ala Gly His Met Lys 
5 10 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

His Thr His Thr Cys Ser Ser Arg Val Gly Gin Met Lys 
5 10 
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receptor, the n,od^X™ beT d 8 MUro ^ V 

5 receptor having seven .raZlS 2 ^ ' "W 6 * * 
neuropeptide Y recepti^^^T""' md *• "lodified 

'0 neuropeptide^ iJS^S?*' ' Where ™ "» ""^d 

thereof. * ,S NPY4 rece P'<". or a functional derivative 

neuropeptideY ^iTf^'Zl, *» Rifled 

15 thereof. P or,SNPYI receptor, or a functional derivative 



20 



neuropeptide^ J^W^ 3 to modiffe ° 

' or ha compLn^^ue^. 6 "' 0 '' 6 *' * "* DNA of Cain, 

25 neuropeptide^ JITmyT" * M "» »»*" 

thereof. P ' ' S WY4 rece P<o r . or a functional derivative 

neuropeptide^ J^£^***» 
thereof. P PY1 rece P' or - or * functional derivative 

neuropeptide y JITmy?™ ? " ta * "* «"«' 
^cellular ^a'C:^^^ * * « 
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9. An expression vector comprising the isolated DNA 



10. The expression vector of Claim 9 comprising the 

5 isolated DNA which encodes NPY4 receptor, or a functional derivative 
thereof. 

11. The expression vector of Claim 9 comprising the 
isolated DNA which encodes NPY1 receptor, or a functional derivative 

10 thereof. 

1 2. The expression vector of Claim 1 1 comprising the 
isolated DNA which encodes NPY1 receptor having deletions in the 
third intracellular domain, or a functional derivative thereof. 



1 3. A cell comprising the expression vector of Claim 9. 



1 4. A process for production of a modified neuropeptide 
Y receptor, comprising: 

20 a > transforming a host with the isolated DNA of 

Claim 1 to produce a recombinant host; 

b) culturing the recombinant host under 
conditions which allow the production of modified neuropeptide Y 
receptor, and 

25 c) recovering the modified neuropeptide Y 

receptor. 



30 



1 5. The modified neuropeptide Y receptor produced by 
the process of Claim 14. 

16. An isolated and purified modified neuropeptide Y 
receptor, the modified receptor comprising a neuropeptide Y receptor 
having seven transmembrane domains wherein the modified receptor 
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kZT > de,eted fr ° m ' repl3Ced 0r added ««> *e thin! 
intracellular domain, or a functional derivative thereof. 
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17. 



The modified receptor of Claim 16 wherein th* 
SEST Y " - SSI 



m «H« a 18 ' ^ modified rece Ptor of Claim 16 wherein the 
modified neuropeptide Y recemor i« mpvi w "crem me 

10 derivative thereof ' Y ,S WY1 rece P tor « or a functional 

m , ;f; . 1 9> 7116 Rifled receptor of Claim 1 8 wherein the 
modified neuropeptide Y receDtor i« mpvi ~ * u e 

... ^ mixing a test compound with a solution 

2o containing modified neuropeptide Y receptor to fon^a 

mixture; and } m ° dffied reCe P tor activi * » 

the mixture to a Jl*""^ ^ « aCtivi * of 

nenronenriw ^ meth ° d ° f Claim 20 wherein ^ modified 

neuropeptide Y receptor is NPY4 receptor. 

22. The method of Claim 20 wherein the modified 
neuropeptide Y receptor is NPY1 receptor. 

m~r« ^ 23 ' / ^ tib0dy immunologically reactive with the 
modified receptor of Claim 16. 
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24. A method of making a modified neuropeptide Y 

receptor comprising: 

(a) isolating DNA encoding a neuropeptide Y 

receptor; 

5 (b) altering the DNA of step (a) by deleting at least 

one nucleotide from DNA encoding the third intracellular domain of the 
NPY receptor or disrupting the amphipathic helix at the N- or C- 
terminus of the third intracellular domain by replacement with 
nucleotides or addition of nucleotides coding for non-helical protein 

10 sequence; 

(c) isolating the altered DNA; 

(d) expressing the altered DNA; and 

(e) recovering the modified receptor. 

15 25. The modified receptor of Claim 24. 

26. The method of Claim 24 wherein between six and 
thirteen nucleotides are deleted from DNA encoding the third 
intracellular domain of the neuropeptide Y receptor. 
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27. The modified receptors of Claim 26. 



28. The isolated DNA of Claim 1 wherein the modified 
neuropeptide Y receptor is selected from the group consisting of: 

25 (a) D(234-241)NPY1 receptor, and 

(b) D(247-259)NPY1 receptor. 

29. The isolated and purified receptor of Claim 1 6 
wherein the modified neuropeptide Y receptor is selected from the 

30 group consisting of: 

(a) D(234-241)NPY1 receptor, and 

(b) D(247-259)NPY1 receptor. 
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30. 



<he family of WY^r f A ° fClata ' """ding a member of 

of cZ^S^V^ replacemews °' 

•he modifij iSST ° f "* '"op. such (hat 

5 of the P^CXfcZr 6 ^ ^ ~ ™ SS 

of famu/o, T °!,? fa 30 —8 a member 

portion, of ft r*W S ^ 8 efeti ° nS ° f "* N or C 
"0 binds agonte inTe P> *"* m0dified rece P'o' 

absence of G ^ " 0f *• P rcs ™* or 



wberein t he ^^SS^ receptor of Cain, 32 
of NPY receptor having 2££ 25 or C ? ""'""T ° f 3 
•he third intracellular loop, such ftaftte mjff h ° f 
agonists in the high affini* Z ** 
25 of G proteins. regardless of the presence or absence 
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